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Around 70% of the population will experience neck pain at least once in their lives. 1 Neck pain is also related to high health care costs 2 and is ranked fourth highest in terms of disability, 3 which further emphasizes the need for effective interventions for neck pain. Traditional rehabilitation programs as advocated by both national and international physiotherapy guidelines 4 seem to be unsuccessful in treating many neck pain problems. 5 Though short-term effects have been demonstrated, joint mobilisation, massage, traction, and exercise therapy focussed on overall muscle strength do not show sustained effects on patient symptoms in the long-term. 6 Sensorimotor control is becoming an increasingly reported outcome in neck pain research. 7 In addition to the term sensorimotor control, other common terms used to describe the components of sensory input and motor output for adequate motor control include proprioception, kinesthesis and somatosensory control.
Terminology in the field of sensorimotor control can be confusing as different terms are used interchangeably to address the same system. 8 In the present review, sensorimotor control testing is used as an umbrella term to describe tests that encompass all the afferent and efferent information streams, as well as the central integration components contributing to joint stability. , and widespread sensory hypersensitivity 13 limit M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
4 the generalisability of findings from this population to people with idiopathic neck pain. As neck disorders due to trauma appear to involve other balance systems and a more complex presentation, traumatic neck pain and idiopathic neck pain may be regarded clinically as different conditions. 13 Diverse methods for assessing the sensorimotor system have been reported. [14] [15] [16] [17] In a recent review by Michiels et al., 18 some recommendations for assessment were made based upon examination of a limited number of tests, however these recommendations are limited by lack of a systematic search of the literature and by a lack of qualitative appraisal or meta-analysis. Although in some of the available tests different subsystems might be involved, for example the oculomotor and vestibular systems, 16, 19, 20 all methods measure sensorimotor control of the neck. There is currently no evidence to support any one method to measure deficits in the cervical sensorimotor system. [21] [22] [23] Armstrong et al. 24 suggest that effective interventions for idiopathic neck pain cannot be established before it is clear how sensorimotor differences between neck pain and healthy control groups can be identified. Therefore, the first important step is to achieve consensus on the best method to assess sensorimotor control in the neck. provides the search strategy used for the database MEDLINE.
To be included, studies needed to report an outcome measure of the sensorimotor system in a population of individuals with idiopathic (also reported as insidious onset) neck pain or healthy individuals. Idiopathic neck pain is defined as neck pain and perceived in either the upper or lower cervical spine with the absence of trauma at the onset of pain development. 26 Specific neck pathologies and degenerative or inflammatory diseases were not included. Studies describing participants with only headache or only radiating pain to the arm (i.e., without neck pain per se) were not included. Studies must have specifically excluded individuals with traumatic neck pain to be included in the review. Studies were restricted to those investigating adults (18 years of age or older) as the development of the central nervous system in younger participants may be incomplete compared to adults.
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Titles and abstracts initially, and full-texts secondly, were screened by two reviewers. When the reviewers did not independently agree on the inclusion of a M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
7 study, this was resolved by consensus or involvement of a third reviewer. The level of agreement between reviewers was assessed using Cohen's Kappa.
Assessment of characteristics of studies
The methodological quality and risk of bias of included studies were determined using the U.S. National Institute of Health's Quality Assessment Tool for
Observational Cohort and Cross-Sectional Studies. 28 Quality assessment was undertaken independently by two reviewers. Disagreements were resolved by consensus or involvement of a third reviewer. Studies were not excluded for high risk of bias.
Data analysis
Outcome measurement data were extracted by the first author using an extraction table agreed upon by all authors. For intervention studies, only the (crosssectional) baseline data were extracted. For studies that reported data for two or more groups (e.g., participants were measured at baseline and then randomized into intervention groups), baseline data were combined as outlined by The Cochrane
Handbook. 29 For studies reporting outcomes as medians and interquartile ranges (IQRs), outcomes were converted to means and standard deviations for statistical purposes using the calculations recommended by Wan et al. 30 For the joint position error (JPE) test, findings are reported as error in degrees or centimetres. For comparison purposes, outcomes reported in centimetres were converted to degrees using standard trigonometric functions (inverse tangent of opposite-adjacent ratio).
Statistical analyses were performed using respectively. All disagreements were resolved by consensus. Thirty studies reported data suitable for meta-analysis.
Characteristics of studies Evaluation of the methodological quality and risk of bias of included studies is presented in Table 1 . The overall methodological quality for cross-sectional studies ranged from poor to good, and for intervention studies from moderate to very good.
The inter-rater agreement for the quality assessment was 0.87 (k w = 0.75, substantial). A common finding that increased the risk of bias was the lack of (reporting for) blinding (34/43 studies, 79% , and these data were converted to cm 2 to compare these findings with that of other studies.
Sensorimotor outcomes in individuals with neck pain and healthy individuals
In the 43 included studies (Table 2) , six different tests were used to assess sensorimotor control in individuals with idiopathic neck pain and healthy individuals.
The most commonly used tests were the assessment of JPE and postural sway. Further research would be needed prior to confidently recommending these tests for clinical use.
Included studies had a low to high risk of bias. Most commonly, a lack of blinding of assessors was found, which increased the susceptibility to bias when measurements were taken. The assessment of sensorimotor control, especially when performed manually, can be influenced by knowledge of the condition of a participant. 75 Furthermore, even though tests were described similarly across studies, procedures, and consequently variances of tests, may have differed considerably resulting in statistical heterogeneity.
This review also found that the use of terminology in the area of sensorimotor control is inconsistent. As defined, sensorimotor control addresses sensory input and presented on a computer screen, disk or virtual reality device. As the participant is asked to reposition the line by aligning it with the true vertical using an arm task (e.g. moving a computer mouse), the motor output component (and its relevance for the neck) is questionable. Therefore it might be argued that this test does not adequately evaluate cervical sensorimotor control. A variation on the subjective visual vertical test, involving cervical motor output, has been introduced by Geisinger et al. 78 In the head tilt response test, a line is presented on a virtual reality device. The line is tilted and the participant has to reposition the line along the vertical, not by using an arm task, but by laterally flexing the cervical spine. This better represents a motor output component specific for the neck in cervical sensorimotor control. Similar to subjective visual vertical testing, the outcome measure in the head tilt response test is the error from the real vertical as measured in degrees. This study was excluded from the current review as it did not report outcomes in individuals with idiopathic neck pain. It
is recommended that future research investigates this potentially valid sensorimotor test in idiopathic neck pain.
The validity of the smooth pursuit neck torsion test for sensorimotor control may also be questionable in terms of cervical motor output. This is because it does not include a cervical motor output component but is mainly focused on sensory input (and the response of the eyes following this input). However, since smooth pursuit neck torsion assesses cervical proprioceptive reflexes 9 (as measured through eye movements) and is believed to isolate the vestibular system (because the trunk, and not the head, is rotated), 67 the smooth pursuit neck torsion test is considered valuable for sensorimotor testing.
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The Fly® appears to be a test that includes both sensory and motor components. The (visual) input in this test is a moving target on a computer screen, and the motor output is the movement of the neck. Furthermore, because the target is constantly moving in an unknown pattern, memorizing a certain head position is not an issue in this test. On the other hand, the random pattern does not allow for differentiation between different cervical movement directions (as JPE testing does). Although it is assumed that head steadiness is related to proprioceptive ability, sensory input is limited. Head steadiness while attempting to hold the head up M A N U S C R I P T A C C E P T E D Meta-analyses of postural sway did not show significant differences between the two groups. The small number of studies in these meta-analyses, and consequently the M A N U S C R I P T
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19 relatively large variance, is likely to contribute to this finding. Furthermore, small sample sizes in some of the pooled studies limit the overall generalizability of individual studies and therefore their results. In addition, as the homogeneity of the samples of pooled studies is unknown, the findings of meta-analysis must be interpreted carefully. Finally, it should be acknowledged that a limitation of reporting the assessment of cervical sensorimotor control in general is the unknown validity of testing due to the absence of a gold standard.
A strength of the present review is the method of study inclusion. Initial searches revealed the literature on sensorimotor tests was limited, but combining data from different study designs allowed for a larger pool of data. This improves the power of reported outcomes and reduces the chance for a type II error.
Recommendations
The findings of the present review support the use of sensorimotor tests to 
